For technological purposes and theoretical curiosity, it is very interesting to have a building block that produces a considerable amount of entanglement between on-demand sites through a simple control of a few sites. Here, we consider permanently-coupled spin networks and study entanglement generation between qubit pairs to find low-complexity structures capable of generating considerable entanglement between various qubit pairs. We find that in axially symmetric networks the generated entanglement between some qubit pairs is rather larger than generic networks. We show that in uniformly-coupled spin rings each pair can be considerably entangled through controlling suitable vertices. To set the location of controlling-vertices, we observe that the symmetry has to be broken for a definite time. To achieve this, a magnetic flux can be applied to break symmetry via Aharonov-Bohm effect. Such a set up can serve as an efficient entanglement distributor bus in which each vertex-pair can be efficiently entangled through exciting only one fixed vertex and controlling the evolution time. The low-complexity of this scheme makes it attractive for use in nanoscale quantum information processors.
Introduction
Entanglement generation and distribution are two central problems in performing many quantum information tasks such as perfect-state transferring [1] , parallel processing [2, 3] , and dense coding [4] . In interacting spin systems, the natural interactions M. Ghojavand (B) Physics Department, Sharif University of Technology, P.O. Box 11365-9161, Tehran, Iran e-mail: ghojavand@gmail.com between different nodes can be used for entangling various vertex-pairs. Taking into account their low level of complexity, these systems can be considered in the entanglement provision in realistic quantum modules. To be able to entangle each qubit pair of the system efficiently, the quantum state of the system must be capable of being dynamically controlled. This is due to entanglement monogamy inequality, that is at each time the sum of the pair-wise entanglements of a vertex with the other vertices can never exceed one e-bit (entanglement of a Bell state) [5] . Therefore, to entangle a vertex with another one quite well, the entanglement of the vertex with the other vertices, if any, must be suppressed by changing the quantum state of the system. More precisely speaking, the quantum state of the system had to be controllable to be fitted into some proper quantum states, in each of which some qubits are highly entangled.
In one of the controlling mechanisms, the targeted qubit-pair, i.e. those qubits which we intend to entangle, are externally controlled [6] [7] [8] . However, external interactions produce more noise and more constituents are needed for their implementation as well. In order to change the quantum state properly, one can exploit the natural evolution of the quantum state in permanently coupled spin systems, as opposed to external control. Here, we show that in such a system, the quantum state of the system can pass through all the proper quantum states, which are highly entangled qubit-pair states. Such a module can serve as a low complexity entanglement distributor bus to entangle any qubit-pair of the system selectively.
We consider a general structure of spin networks in which a few qubits are initialized and analytically compute entanglement between each qubit pair in different times. Using this general analytic relation, we propose a low-complexity scheme capable of efficient entangling of any pair of system qubits.
The organization of the paper is as follows: In Sect. 1 we introduce the notion of efficient entanglement distributor bus and explain its importance. In Sect. 2 we compute entanglement between different vertex-pairs for general structures. Using the general relation obtained in Sect. 2, we search for special spin systems that can act as efficient entanglement distributor buses in Subsects. 2.1 and 2.2. This paper is closed by a summary in Sect. 3.
Entanglement distributor bus
In this section, we explain the notion of "entanglement distributor bus". A "bus" is conceptually distinct from a single "channel". In computer architecture, a bus is a subsystem that transfers data between computer components inside a computer or between computers. Unlike a point-to-point connection, a bus can logically connect several peripherals over the same set of wires. So using buses instead of single wires plays a critical role in the reduction of the system complexities and the number of components in order to achieve more compact and reliable modules.
Complexity reduction is of greater importance in quantum processors than in classical processors because of the destructive role of decoherence and error accumulation [10] . So, performing defined quantum actions with low-complexity modules is a central issue for the implementation feasibility of complex quantum procedures.
